applying a probabilistic linkage approach (sensitivity 92% and specificity 100%). The probabilistic linkage procedure and its yield has been described previously, 8 and details on the deterministic linkage procedure are provided in the Online Appendix (available online with this article). Because the data were collected for public health surveillance purposes, this study has been determined to be exempt from federal regulation, as defined in 45 CFR 46, by the Georgia State University Institutional Review Board.
Patients from GCASR with the clinical diagnosis of acute ischemic stroke in 2008 to 2013 were included in this study. There were 45 727 records with a clinical diagnosis of acute ischemic stroke in the initial GCASR data list. Of these, 41 216 were linked with GDDS data but only 39 331 had the data element critical for linking with the death data. Excluding the readmissions, there were 36 043 subjects eligible for follow-up, and 35 028 were eligible for at least 1 evidence-based stroke care component. To strengthen internal validity of the study, 59% of the observations were excluded because they did not have documented times of symptom onset. However, estimates of the outcome measures and their associations with quality of care were compared between patients with and those without time of symptom onset to check for possible selection bias.
Defect-Free Care Measure
Patients were classified as having had defect-free care if they received all elements for which they were eligible, as specified by the 10 performance measures (Table 1) . Defect-free care does not take into account the number of care components patients are eligible to receive. Thus, a patient who is eligible for 3 care components and received all is declared as having had defect-free care, while a patient who received 7 out of 8 indicated care components is identified as not having had defect-free care.
Composite Measure
A composite measure, taking the proportion of indicated care components a patient received, is an alternative measure of quality of stroke care. 9, 10 However, it does not fully account for the number of indicated care components because delivery of 8 out of 8 would have the same composite measure of 100% as providing 3 out of 3. Thus, the composite measure was weighted by the natural logarithm of the total number of indicated care components. Care requiring 8 elements will have a higher weight [ln(8) = 2.0794] than the one with 3 indicated care components [ln(3) = 1.0986]. Patients were grouped in tertiles based on their weighted composite measures. Those in the first tertile with the lowest weighted composite measure were considered to have had, relatively, the lowest quality of care; those in the second tertile represented an intermediate; and patients in the third tertile represented the best quality of stroke care.
Statistical Analyses
All analyses were performed using SAS version 9.3 (SAS Institute, Inc., Cary, North Carolina). Quality of stroke care as measured by defect-free care or the composite indicator was the main predictor of outcome. Death from any cause within 365 days from index stroke admission and ambulatory status at discharge were the outcomes of interest. Ambulatory status at discharge was classified into 2 groups: unable to walk, and walking with or without assistance from another person. Those who were not ambulating independently before the stroke event were excluded from the analysis.
Patient characteristics such as age, sex, race, and insurance status, National Institutes of Health (NIH) stroke scale score, presence of persistent atrial fibrillation or flutter, previous medical and medication history, and nothing per mouth status; and event-related characteristics such as symptom onset to hospital arrival time, day, time, and year of admission; and hospital features including number of beds and location were considered as covariates in the analysis. Based on their distribution on the basis of number of beds, hospitals were classified as small (<100 beds), medium-small (100-249 beds), medium-large (250-399 beds), and large (≥400 beds). The Rural-Urban Commuting Area classification (version 2.0) of location was used to classify hospitals geographically into metropolitan (codes 1-3) and nonmetropolitan (codes >3). 11 The study team assessed patient-, hospital-, and event-related characteristics descriptively and tested for differences between patients who did and did not receive defect-free care using χ 2 tests for nominal variables and Wilcoxon tests for quantitative variables. Data elements included in the multivariable analyses had missing values in less than 5% of the observations except for the NIH stroke scale, which has missing values for 29% of the observations, respectively. Therefore, multiple imputation was performed with 20 replications assuming a general missing pattern and missing at random on data elements included in the analysis. Generalized estimating equations (GLIMMIX procedure) were applied to assess the outcomes controlling for in-hospital correlation and considering hospital as a random variable. Moreover, patients were classified in tertiles based on the NIH stroke scale score and subgroup analyses were performed. Patients from hospitals with fewer than 15 patients over the study period were excluded to have stable estimates.
Results
Among the 14 246 acute ischemic stroke patients included in the study, slightly more than half were female, more than 60% were white, and the median age was 69 years ( Table 2 ). The 3 most common comorbidities were hypertension (82.4%), dyslipidemia (41.1%), and diabetes mellitus (34.5%). Based on the 10 performance measures, 69.1% received defect-free care, and on aggregate, patients received 92.8% of the indicated care components. Patients who received defect-free care had more severe stroke than their counterparts; a relatively higher proportion of them also were nonambulating at discharge and died within 1 year of the incident (Table 2) . Patients who received a higher number of indicated care components were less likely to receive defect-free care (Figure 1 ) than those with relatively fewer indicated elements of stroke care. Moreover, patients with fewer indicated care components had more severe stroke (Figure 2 ). Patients with 3 or fewer indicated care components had a 72.9% 1-year mortality while those with more than 3 had a 12.4% 1-year mortality.
The 1-year mortality among patients with a missing value in a predictor variable was 19.1% compared to the 19.7% among those with complete data. The relation between mortality and quality of care, the main predictor of interest measured by defect-free care or composite measure, did not change when the data were analyzed among patients with documented time of symptom onset and for those without the time. On bivariate analyses, among both groups of patients with or without missing values, the odds of dying in 1 year for those who did not receive defect-free care were 0.66 times the odds of dying for patients with defect-free care. On the other hand, when quality of care was estimated using the composite measure, among patients with missing values, patients who received the lowest and intermediate quality of care had 6.08 times and 1.67 times higher odds of dying in 1 year, respectively, than patients with the best quality stroke care. The estimates were 8.04 and 1.80 among patients without a missing value.
On multivariate analyses of the imputed data, patients who did not receive defect-free care had a 0.87 (95% confidence interval: 0.75, 1.00; P = .05) odds of dying in 1 year compared to those who received defect-free care (Table 3) . Moreover, they also had a 0.58 (P < .0001) odds of not ambulating at discharge. Nonetheless, when quality of stroke care was measured by the composite indicator, those who received the lowest and intermediate quality of care had higher odds (odds ratio = 3.94, P < .0001; and odds ratio = 1.35, P = .002, respectively) of dying within 1 year compared to those who received the best quality stroke care. Furthermore, patients with the lowest and intermediate quality care had statistically significant odds (5.7, P < .0001, and 3.1, P < .0001, respectively) of not ambulating at discharge compared to their counterparts ( Table 3) . The results were consistent in each NIH stroke scale score tertile group, and similar results also were documented on complete data analysis.
Discussion
The results of this study show that acute ischemic stroke patients who received quality care, as measured by the composite index, had a better long-term outcome. The odds of dying within 1 year increased progressively as the quality of care patients received diminished. Similarly, a statistically significant positive association was documented between the quality of stroke care and patients' ambulatory status at discharge.
Contrary to what is expected, patients who did not receive better care, as measured by defect-free care, appeared to have better outcomes. They had 13% and 42% lower odds of dying in the first year and nonambulating at discharge, respectively, compared to those who received defect-free care. The present analysis further revealed that patients with more severe stroke were eligible to receive fewer numbers of care components and were more likely to have defect-free care. Although the study team adjusted for measures of disease acuity, including the NIH stroke scale score, they cannot vouch that severity is captured fully by the score. Among patients who were ambulating on prior to the stroke incident. Compared to the all-or-none scoring of defect-free care, the composite measure captured intermediate-level care quality and gave credit for delivery of some, yet not necessarily all, of the indicated care components. It gave equal weight to each care component and presented quality of care on a continuous scale rather than as a binary outcome. The impact of each care element on patient outcome, however, may be different and this may require assigning different weights.
This study has some methodologic limitations. Fourteen percent of the initial study subjects were excluded because they did not match records from the hospital discharge data. Obviously this could introduce bias, namely, a nondifferential bias because record matching was not related to the quality of care patients received. Patients without documented symptom onset time also were excluded, and missing values were imputed, mainly for NIH stroke scale score, for a third of the study subjects. This may introduce bias as well; however, the 1-year mortality was not different between patients with and without complete data. Despite these limitations, study findings also were similar in both the complete and imputed data analyses, indicating that the bias would only be minimal.
Measuring quality of care is an arduous exercise and requires rigorous examination of what each measure entails. It involves identifying care components that would have an effect on patient outcome, defining the subset of patient groups who would be eligible, establishing procedures for delivery and documentation of the care component, and determining whether an eligible patient received the care indicated. It is possible that errors could be introduced at any step of assessing the quality of care delivery. The error gets compounded when measures of several quality of care components are aggregated in an all-or-none fashion as in defect-free care. The composite measure, on the other hand, was not influenced by the number of care components indicated for a patient. Error in measurement of one care component could affect partly the aggregate measure of quality of care. Thus, defect-free care, though a stringent aggregate indicator for monitoring and improving the process of care delivery, is not the ideal quality measure when the impact of quality improvement initiatives in stroke care is evaluated.
Although each component of stroke care is backed by scientific evidence, 1 it is important to evaluate their effectiveness in the aggregate, in the context of a quality improvement initiative. To the best of the study team's knowledge, no study has examined the long-term effects of a hospital-based quality improvement initiative on stroke care. This study assessed both short-and long-term outcomes and showed that patients who received better care had a lower risk of death, a finding that could expand quality improvement activities across hospitals that care for stroke patients.
Conclusion
Quality improvement initiatives improve not only the process of care delivery but also patient outcome. Hospitals should be encouraged to undertake quality improvement activities to measure and monitor the nationally recommended performance indicators in order to improve the quality of their stroke patient care. Defectfree care should not be used as a measure of quality of stroke care, particularly when evaluating the impact of quality improvement initiatives.
